Loy

a
£

SUMMARY OF THE DEVELOPMENT OF THE SPECIALIZED
QUADRUPOLE MASS SPECTROMETER - PHASE V

N. lerokomos & R.B. Lehotsky
The Perkin-Elmer Corporation
Aerospace Division

2855 Metropolitan Place
Pomona, California 91767

April 971
Interim Report for April 1971
Revised Final Submittal

Prepared for
GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland 20771

NI/~ 355 g
TACCESSION Nurgk) 2;985

tefa ~Ec ~ .
\F 4 s
CA-TAA DL /
Y
(NASA CR OR TMX OR AD NUMBE (CATEGfR }

FACILITY FORM 602

’ﬁm@i b e R



STANDARD TITLE PAGE

(l Report No. 2. Governmen: Accession No. ) 3. Recipient's Catalog No T
30001

4 Title and Subtitle 5. Report Date

SUMMARY OF THE DEVELOPMENI OF THE SPEC1ALIZED | APril 1971
QUADRUPOLE MASS SPECTROMETER - PHASF V 6. Performig Organization Code

7. Author(s) o 8. Per(ormin;B:;unitofion Report No.
N. Ierokomos & R.B. Lehotsky

9. Performing Organization Name and Address 19. Work Unit No. ]
The Perkin-Elmer Corporation

Aerospace Division 11. Coniract or Grant No.

2855 Metropolitan Place NAS5-11185

Pomona, California 91767 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address FINAL REPORT

Goddard Space Flight Center April 1571
Greenbelt, Maryland 20771 14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

The developmeat (Phase V) of the Specialized Quadrupole Mass
Spectrometer has resulted in a greatly improved system, which has
been shown to give performance increases in both the resolving power
and dynamic range of th> mass spectrometer. Resolving powers of up
to m/Am = 90 have been obtained while maintaining 100 percent trans-
mission through the mass filter (for flat-topped peaks). With
pointed peaks, resolving powers of up to m/Am = 900 have been demon-
strated. The dynamic range of the systems have been increased to
greater than 106, Mechanical isolation of the mass spectrometer
from the vacuum envelope has also been performed to reduce stresses
on the system imposed by either the envelope construction or by
external environmental conditions.

17. Koy Words (Selected by Author(s)) 18. Distribution Statement

19. Security Classif. (of this report)  [20. Security Classif. (of this page) 21. No. of Pages |22. Price*
UNCLASSIFIED UNCLASSIFIED 179




T1LM b
o ach SLANK NOT FILM
PRECEDING PAg; L

; .“Z
I

TABLE OF CONTENTS

INTRODUCTION
OBJECTIVES
DESIGN

Ion Entrance Masking

Mechanical Isolation and Mounting Design
Elimination of Neutral Background Level

Open Ion Source Pesign

Advanced Quadrupole Mass Spectrometer Design

CHRONOLOGICAL EVENTS AND TEST RESULTS

Studies on the Phase IV B Analyzer

TEST OF THE PHASE V QUADRUPOLE SYSTEM
CONCLUSIONS
APPENDICES

ll
2.
3.

5.
6.

Appendix A - Structural Analysis of Fligke
Quadrupole Mass Spectrometer

Appendix B - Acceptance Data Package

Appendix C - Acceptance Test Procedure Data Package

LIST OF ILLUSTRATIONS

Flexure Plate

Flexure Rod Assembly
Hyperbolic Quadrupole Rod
Ceramic Rod Spacing Plate
Dual Filament Ion Source
Trajectory Plots

iv

J
O 00 0 NNV W N - F
(1]

[
et

14

63

84

Page

145
146
147
148
149
150

—ae! s Bl MM O SO . o4 st it o
B -

o WETT



R R

-—

!

- PRI, TSGR M e ey

et

%,

-y

LIST OF ILLUSTRATIONS

Page
7. Quadrupole Mass Spectrometer Assembly 151
8. Ion Focusing Curves (Lens A) 152
9. QB Cutoff vs Peak Position - Without Mask 153
10. Quad Bias Cutoff Runs 154
11. Reduced VION and Proportionally Reduced 155
A VION Test
12, Peak Shape with 0.005 Inch Mask on Y-Axis (Lot Output) 156
13. Peak Shape Without Mash (Log Output) 157
14, Mask on X-Axis (Log Output) 158
15. Peak Shape With 0.003 Inch Cross (Rod dc Potential 159
Reversed) (Log Output)
16. Tail Slope vs Resolution 160
17. Mass Spectrum - m/e 1 to m/e 29 (Log Output) 161
18. Mass Spectrum - m/e 26 to m/e 56 (Log Ouiput) 162
19. Mass Spectrum - m/e 51 to m/e 79 (Lot Output) 163
20. Mass Spectrum - m/e 76 to m/e 105 (Log Output) 164
21. Mass Spectrum - m/e 103 to m/e 141 (Log Output) 165
22, Separation of COZ and C3H§ Peaks 166
23. Dynamic Range After Weldup (Lot Output) 167
24, Quadrupole Bias Effect on Peak Tails 168 3
("Open" Ion Source System) ;
25. Mass Spectrum of Open Ion Source System (Log Output; 169 §
26. Background Spectrum Taken With S/N 001 at ~ 2 x 10~ 170 L
torr (Log Output) 3
27. Typical Air Spectrum With -2000 Volts on the 171
Electron Multiplier (Log Output) i
28. Typical Air Spectrum With -2900 Volts on the 172 3
Electron Multiplier (Log Output) &
29, Scan No. 4-040, 2nd Window and -H.V. Voltage 173 3
Affect Rods Nermal (T.og Output) §
30. Scan No. 3-040, 2nd Window and H.V. Voltage 174 5
Affect Rods Reversed (Log Output) é
31. Scan No. 1-041, 1lst Window Affect QB at ACC. 175
Nozzle = 0 V (Log Output)
32. Scan No. 2-041, Deflector Affect (Log Output) 176
33. Scan 3-041, H.V. and 2nd Wind Affect (Log Output) 177
34. Scan No. 4-041, QB Test (Log Output) 178
35. Last Run Before Delivery (Log Output) 179
v




U M TS e e e

“l."'l “J

SPECIALIZED QUADRUPOLE MASS
SPECTROMETER (PHASE V)

INTRODUCTION

Since 1963, the development of Specialized Quadrupole Mass
Spectrometers has been performed by Perkin~Elmer Aerospace Division
(ASD) for the National Aeronautics and Space Administration at Goddard
Space Flight Center. This development has been performed to obtain
smz1l systems for the analysis of the constituents of the earth's
and other planetary atmospheres. This development program has been
documented in the final reports prepared for Contracts NAS5-34531
and NAS5-110452. Applications of the instruments developed have
been utilized in earth~orbital satellites, e.g., the OGO-F Satel-
lite Program, and in sub-orbital sounding rockets launched by Goddard
Space Flight Center (GSFC). This report covers the development
effort (Phase V) since the conclusion of Contract NAS5-11045 and
describes the design improvement of the quadrupole mass spectrometer
to provide increased analytical capability and performance of the
system. The performance obtained from the systems fabricated showed
a marked improvement in the sensitivity, resolving power and dynamic
range over that of the previously produced designs.

1. The Perkin-Elmer Corporation, Aerospace Division, Summary of the
Developuent of the Specialized Mass Spectrometer and Study Reports,
Final Report prepared under Contract NAS5-3453, National
Aeronautics and Space Administration, Goddard Space Flight Center,
Greenbelt, Maryland.

2. The Perkin-Elmer Corporation, Aeroazpace Division, Summary of the
Development of the Specialized Quaarupole Mass Spectrometer -
Phase IV, Final Report prepared under Contract NAS5-11045,
National Aeronautics and Space Administration, Goddard Space
Flight Center, Greenbelt, Maryland.




OBJECTIVES

The initial contract, NAS5-11185 as defined by the Statement
of Work, was for four cylindrical rod quadrupole mass spectrometers
reflecting the integration of spacialized instrumentation developed
and produced under Contract NAS5-11045 and NAS5-3453. During March
of 1969 the contract was modified to reduce the quantity from four
cylindrical rod systems to three hyperbolic rod systems with exten-
sive modification in the design.

The contract was fuirther amended to incorporaie four design
studies, which are listed below:

a. Quadrupole Optimization Study - dealing with the theo-
retical optimization of the ion source and quadrupole
analyzer design upon specification of system requirements.

b. Quadrupole Ion Entrance Mask Study - Studying the increase
in quadrupole resolving power which can be gained by
mechanically eliminating a large portion of the iomns that
cause mass peak tails.

c. Quadrupcle Segmented Rod Study - Analysis of the potential
improvement in quadrupole performance which can be gained
with the use of segmented quadrupole rods and delayed dc
rod biasing.

d. Inlet Sampling Tube Study - study of the design requirements
for gas sampling inlet lines for quadrupole mass spectrom—
eter systems encased within atmospheric reentry vehicles.

The final reports for the above four studies were submitted under
separate covers on Contract NAS5-11185.

The contract was later amended to include the design, fabrication
and test of an open ion source similar to those used in the Rocket
Quadrupole Mass Spectrometers, under Contract NAS5-31443. This effort
consisted of miniaturizing the open ion source to make it compatible
with the Specialized Quadrupole Mass Spectrometers, while retaining the
object~imaging focusing system for the acceptance cf energetic and
angular mclecules.

3. The Perkin-Elmer Corporation, Aerospace [ivision, Ion Focusing
Study, Final report prepared under Contract NAS5-3144, National
Aeronautics and Space Administration, Goddard Space Flight Center,
Greenbelt, Maryland.




The final modification to the contract was to perform the design
activity and produce fabrication drawings for an advanced Specialized
Quadrupole Mass Spectrometer utilizing four inch quadrupole rods with
reduced rod spacing.

DESIGN

The Quadrupole Mass Spectrometer developed under Contract NAS5-11045
indicated that a substantial improvement in performance characteristics
could be obtained utilizing extremely precise quadrupole rod alignment
and hyperbolic quadrupole rods. Following this program further per-
formance improvement and reliability of the design was felt possible
by considerations of the following:

a. Quadrupole Ion Entrance Masking. The mechanical elimination
of unstable ions entering the quadrupole which have initial
conditions that do not allow them to be rejected by the
quadrupole mass filter, because the length of the rods is
terminated to a finite value., These unstable ions cause the
large tails on the sides of the mass peaks in conventional
quadrupole designs. The crosstalk of two adjacent masses,
at a given resolution, will thus be improved significantly
by reducing the magnitude of these tails.

b. Mechanical Isolation and Ease of Assembly. The mounting of
the ion source, quadrupole rods and electron multiplier was
felt to be a self-contained structurally solid system and,
thus, should be isolated from the vacuum envelope (housing)
in order to reduce stresses on the system by both environ-
mental and tolerance conditions of the vacuum envelope.
Also, packaging advantages could be obtained by having all
electrical feedthroughs located on one side of the system,
and, furthermore, by utilizing a baseplate approach, all
mountings and feedthroughs could be located on a flat
surface. The vacuum envelope would then be a simple cover,
allowing the testing and tuneup to be performed in a nude
configuration, after which the cover could be welded to the
baseplate. This approach should reduce the cost of the
housing by eliminating costly machining operations. Another
advantage of the baseplate approach is that the system could
be easily assembled and worked on, since the majority of
the parts would be accessible in the final assembly form.

c. Elimination of Neutral Background Level. Because of the
axial nature of the quadrupole mass spectrometer, ions
formed in the ion source can undergo charge exchange with
neutral molecules, leaving neutralized molecules which have a




velocity vector down the axis of the ion source and quadru-
pole. These neutrals, formed in the ion source, are unaf-
fected by the electric fields of the quadrupole mass filter
and continue to the detector of the system. When an electron
multiplier is used as the detector, these neutrals generate
secondary electrons at the first dynode of the multiplier,
causing a constant background level as the mass range of the
system is swept over. The intensity of this level is a
function only of the total pressure within the ion source,

Two means were considered to reduce this phenomena. The
first, as proposed by the University of Michigan, was to
simply offset the electron multiplier and utilize its
leakage field to bend the ions into its entrance aperture,
The second, was to offset the multiplier and build a
deflector wechanism to focus the ions exiting the quadru-
pole into the entrance aperture of the multiplier.

Ion Entrance Masking

The design of a mask to effectively reduce the magnitude of peak
tails was undertaken in a separate study program, as previously
explained. However, in order to justify this study program the Phase
IV B quadrupole system manufactured under Contract NAS5-11045, was
provided with masks of various sizes at the ion entrance aperture
(ion source nozzle). The data obtained from this instrument showed
a marked reduction in peak tails could be obtained with a relatively
small loss in sensitivity (due to the area reduction of the entrance
aperture). These data proved that the masking theory was sound, and
thus, the study program was pursued to obtain the information
necessary to optimize the design of a mask.

The study of the ion entrance aperture mask included extensive
computer acquired data with results showing that masking the ions
entering the quadrupole very near the X and Y axes does indeed improve
the resolution of the system.

The resolution of the quadrupole is largely limited by the tails
on either side of the peak. These tails are caused by ions which are
theoretically unstable, but possess a small amplitude at the end of
a finite length quadrupole. Other parameters, such as res lution,
phase of entry and initial angle and amplitude also play a large role
in dctermining the amplitude or size of the tails.

As shown in the mask study, the most penetrating unstable ions
are those with small initial amplitude and angle. This is true for all
phases of entry. There are conditions where a large initial amplitude
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and large initial angle can make an ion very nenetrating for a given
quadrupole length, but this is generally restricted to a few

entrance phase angles. The conclusion derived from the theoretical
and computer analyses is, that elimination of ions with small initial
amplitude improves the performance of a quadrupole mass spectrometer.
This elimination is accomplished by a cross grid at the exit side

of the nozzle.

A tradeoff of improved data quality versus sensitivity vccurs,
however, wher partial elimination of ions occur. In the actual
quadrupecle system delivered the optimum theoretical tradeoff rondi-
tions were obtained when 0.003 by 0.002 inch wires were crossed over
the nozzle opening of 0.010 inch diameter.

Mechanical Isolation and Mounting Design

The mechanical design requirements, imposed by the necessity
of a mechanically isolated mass spectrometer assembly (ion source,
quadrupole mass filter, and electron multiplier) within a vacuum
bousing, basically impliies that single point mounting of the assembly
to the housing be utilized. This would thus prevent external
stresses (from the housing or the external environment) from causing
any distortions or mechanical shifting in the parts cf the mass
spectrometer components. This approach is not compatible with the
mass spectrometer requirements, however, since a number of connections
to the housing are necessary, e.g., electrical wiring of electrodes
to vacuum feedthroughs and sample inlet tubulation.

As a compromise three flexure joints were utilized to join the
mass spectrometer assembly to the housing. These flexure joints
allow relative freedom of movement in two axes, but restricted motion
in the third axis, at a single point.

Two flexure plates were used, one at each end of the quadrupole
rod assembly. 7These plates provided damped flexibility as the
lateral axes of the rod assembly and relatively large freedom of
movement in the axial direction. The axial flexibility was then
restricted at a single point by the use of a rod assembly which
was rigid in the axial direction, but was flexible in the lateral
axes. The flexure plates are shown in Figure 1, and the axial
rod assembly is shown in Figure 2.

The hyperbolic quadrupole rod assembly was redesigned from the
Phase IV B configuration, in order to insure alignment of the rods
rather than allowing for adjustment during assembly to provide the
required alignment. The second goal ~f this redesign was to decrease
the weight of the quadrupole rods, since the Phase IV B rod assembly




- s

was not engineered to minimize weight, but rather to obtain
stability for the rod alignment. The new design consisted of bored
out monel rods upon which the hyperbolic surface was ground. At
each end of the rod, two flat flange surfaces were ground, spaced
ninety degrees from each other. The resultant rod is shown in
Figure 3. A precision ground ceramic spacer was placed between the
flat flanges of the adjacent rods. Each of the four flat ceramic
spacers were located with respect to each other by designing them
onto a flat ceramic plate, which in turn was mounted to the flexure
plates at each end of the rod assembly. The ceramic plate at the
ion source end of the rod assembly also srovided the alignment
criteria for the ion source nozzle. This was accomplished by
locating a precision hole in the ceramic, through which the nozzle
was inserted, using dowel pin locating clearances between the nozzle
and the ceramic. The exiting ions are transmitted to the electron
multiplier through a large centered hole located in the ceramic

at the ion exit end of the rod assembly. 7The ceramic plate, with
the rod spacing tabs, used at the end of the rods is shown in
Figure 4.

A structural analysis of the rod assembly, flexure plates and
ceramic plates was performed and th. results of this analysis is
p: esented in Appendix A.

The sample inlet connection between the ion source and the
housing was designed to incorporate a bellows. This was done in
order to maintain mechanical isoiation for the sample inlet tubu-
lavion connections. A photograph of this connection and the ion
source is shown in Figure 5.

Elimination of Neutral Background Level

While the two methods ment: oned earlier were considered for
elimination of the neutral background level, a variation of the
second proposed method was utilized. This method involved using the
electron multiplier as both the deflector and as a detector. By
sacrificing the use of one stage of the multiplier gain, the first
dynode could be utilized as an ion deflector and still effectively
reduce the neutral level. A second aperturs could then be placed
between the deflector lens (first dynode) and the first secondary
electron emitting stage (second dynode), such that the lens geometry
in front of the electron multiplier would remain the same.

Conversations with ITT Electron Tube Division, the multiplier
supplier, indicated that this approach could be incorporated into
the previously used F4020 AM multiplier. A geometry for this front
end of thc multiplier was chosen and evaluated by ion trajec-ory




plotting using a digital computer. A plot of a number of trajectories
is shown in Figure 6. These results showed that the deflector-
multiplier method could be utilized effectively.

By incorporating the ion deflector into the electron multi-
plier assembly, an advantage was gained in the design and fabrication
of the vacuum envelope. The envelope could thus be hHuilt in a single
straight section, rather than having to include a muitiplier housing
mounted at ninety degrees to the analyzer housing. The electron
multiplier was designed to be supported by a bracket, which in turn
mounted to the flexure plate at the ion exit end of the quadru-
pole rod assembly.

A photograph of the mass spectrometer assembly is shown in
Figure 7. Th.s photograph shows the flat plate mounting surface in
which all of the electrical feedthroughs are located. The electron
multiplier and its mounting bracket are also clearly shown in this
photograp... The vacuum envelope then consisted of a simple cover
which mounted over the assembly and was electron beam welded around
the edges to seal the seams.

Open Ion Source Design

A miniaturized version of the open ion source developed under
Contract NAS5-3144 was designed to be compatible with the smaller
quadrupole systems developed for the analysis of planetary atmos-
pheres. This effort consisted of scaling down the dimensions and
focusing properties of the earlier ion source. The resultant design
was then tested with one of the current developed systems.

Advanced Quadrupole Mass Spectrometer Design

The design work for a further miniaturization of the Specialized
Quadrupole Mass Spectrometer was performed based upon the results of
the optimization study generated on this contract. The final design
of the four inch quadrupole system has a smaller block dual fila-
ment ilun source with the inlet through one of the anodes. A
chamber was also designed as part of the inlet system to tlermal-
lize the molecules by wall collisions. The dual filament ion
source, in addition to the changes mentioned above, was redesigned
so that its conductance was decreased from approximar:ly fifty to
about fifteen cubic centimeters per second. The hyperbolic rods,
alo: 3 with the decrease in length from six inches to four inches,
had the quadrupole rod spacing parameter, r,, decreased from 0.200
to 0.100 inch. .
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The multiplier geometry is also decreased such that the entire
system, except for the thermalizing chamber, fits inside a cylindri-
cal housing of about 1.75 inches outside diameter by about ten inches
long. All the electrical connections are routed through feedthroughs
on either end of the cylinder. The multiplier is a deflector type,
as described above, with of course, a smaller geometry. A further
miniaturization of the open ion source was also performed to obtain
compatibility with the smaller geometry requirements. The fabri-
cation and performance results of these instruments will be reported
in Phase VI of the development program, now being performed under
Contract NAS5-11308.

CHRONOLOGICAL EVENTS AND TEST RESULTS

Studies on the Phase IV B Analyzer

The dual filament ion scurce was installed in the Phase IV B
quadrupole analyzer on 9 June 1969. Considerable effort was expended
to optimize the operation of the dual filament ion source. This
effort was directed towards obtaining a set of operational curves
with varying conditions so that the optimal operating parameters could
be determined. Some of these operational curves are shown in Figures
8 through 10. The best data was obtained with reduced ion energy
and ion energy spread, as shown in Figure 11, however there was a
considerable sacrifice of intensity to obtain the data shown in this
figure. At this time, the Aperture Mask Study was just beginning and
the decision was made to try a Y-axis mask by placing a 0.00) inch
wire in the appropriate orientation at the nozzle. Several scans
were made, but there was no appreciable change ot the peak shape
except for the reduction of the intensity because of the wire masking
some of the ions.

The rod polarity was reversed to determine the effect in the
X-axis, but again there was no appreciable change in data. The reason
for the lack of improvement became obvious after the mask study was
completed, but at the early stages of the investigation the-e were no
guide rules to follow to indicate the size and effect of the mask.
Later, when the masking effect was better understood it was calculated
that a 0.001 inch wire would only reduce the tails by less than ten
percent of their initial value. This is a reduction which could easily
go unnoticed with all the other variations that can occur.

As mentioned above, having no guide rules to go by at that time,
it was decided to try an upper limit of wire size to make the effect
very apparent.

3t



The size of the upper limit was partially determined by the
amount of intensity loss which was to be sustained. The wire size
was deturmined to be 0.005 inch. The wire was spot welded onto
the nozzle and a scan was run. Figure 12 shows this scan, which
obviates the tail reduction when compared with a similar scan
(Figure 13) without any mask. The rod polarity was again reversed
to determine the tail reduction in the X-axis and again a dramatic
decrease appeared, as shown in Figure 14.

A wire size mask of 0.005 inch with 0.010 inch diameter nozzle,
however, would eliminate most of the intensity; thus, the mask was
changed to a 0.003 inch wire cross, which reduced the intensity to
about forty percent of its initial value. A scan of thLe m/e 28
region with the 0.003 inch cross is shown in Figure 15. In the
same figure, the tail magnitude, as it would appear witlout a mask,
is drawn approximately in the Y-axis.

TEST OF THE PHASE V QUADRUPOLE SYSTEM

Considerable effort was spent in testing and optimizing the
first new quadrupole system. Every new test conducted with this
system appeared to produce excellent data, much improved over the
past quadrupole data of the earlier configurations. Figure 16 shows
a typical linear scan of resolution versus tail slope, while
Figures 17 through 21 show a scan over m/e 1 to 140. Note that the
dynamic range of this system is over six decades.

The operation of this system is so good that resolution of
005 (M = 44.0039) and C3H§ (M = 44.0776) was possible, as shown in
Figure 22. This separation requires a resolving power of over 605.
Resolving powers of about 900 were obtained with this quadrupole.

The sensitivity of this quadrupole configuration was measured
at about 1 x 10~/ amperes per torr. In order to increase the sensi-
tivity, the second system (defined as S/N 02) was redesigned to
increase the nozzle opening. The aperture was increased to 0.020
inch diameter and a roughly rectangular etched mask was placed at
the nozzle exit. The mask has a geometry approximating a cross of
0.003 by 0.002 inch. This redesigned nozzle system was tested and
found to possess a sensitivity of about 3.5 x 10-7 amperes per torr.
This increase in sensitivity was, however, obtained at the expense
of other parameters such as resolution, for example, the 100 per-
cent transmission cutcff point for the first system is about m/e
90, while that for the second system was about m/e 60.
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After testing the serial number 02 system, its cover was
electron beam welded and the system underwent acceptance testing in
December of 1969 with a typical scan shown in Figure 23. The unit
was carried to GSFC by Goddard personnel on 17 December 196Y. The
acceptance data package for this system is provided in Appendix B.

The serial number 03 instrument consisted of the quadrupole
rod assembly, from the first system tested, and a miniaturized
open ion source.

Considerables testing was done with this unit in an attempt to
optimize the mode of operation. The nozzle geometry of the open
ion source was the same as the second unit, optimized for sensitivity
and not fcr resolution. The sensitivity of the open ion source
system was measured at approximately 1.7 x 10-7 amperes per torr.
Typical of the optimization efforts is Figure 24, showing the
variation of spectrum shape as a function of quadrupole biasing
with respect to the accelerator. Figure 25 is a scan that was
optimized over the entire mass spectrum shown.

The open ion source system (S/N 03) was hand carried to GSFC
by Goddard personnel in February 1970. This unit was shipped nude
(without the cover).

The third instrument, identified as serial number 01, consists
of the dual filament ion source, which was tested from June to
October of 1969, with the data shown in Figures 8 through 22 and a
third set of rods and multiplier. Serial number 01 has the small
nozzle aperture (0.010 inch) with the 0.003 inch wire cross as a
mask.

Testing of serial number 01 was conducted in June of 1970 and
after acceptance testing was hand carried to GSFC.

Most of the backup optimization data is enclosed in the Accep-
tance Test Procedure data package which is prcvided ia Appendix C.
A typical background spectrum is shown in Figure 26. A spectrum of
air plus background is shown in Figure 27 with the data over the
m/e 28 peak showing the amplitude change with change of high voltage
in the electron multiplier. Figure 28 shows the same spectrum with
the multiplier high voltage at -2900 volts. Figures 29 through 34
show the variation of spectrum shape with varying operating parameters.
After the unit was welded to the cover the acceptance test was run
and the data, as usual, improved somewhat because of the morve
efficient differential pumping. Figure 35 shows the last run taken
of the final welded configuration.

10

FAY



AN KRR AT W 4 h

O e, 2

At the same time that serial number 0l was delivered the third
dual filament ion source was also delivered fully assembiec ard
having a nozzle geometry identical to that of unit serial number 02.

CONCLUSIONS

The Quadrupole Mass Spectrometers developed under this contract
have attained the highest operating performance of any of the
previoucly designead ystems generated under the earlier contracts.

Empirical data has shown that ion masking improves the per-
formance of a quadripocle mass filter, as predicted by theory.

The unique design of an isolation mounted system on a baseplate
proved very convenient. in assembling and testing of che mass spectrom-
eter system. This in turn necessitated a thicker housing, which
increased the final weight of the system. The modular assembly
developed under this contract has been applied, with modifications,
to the design of the four inch rod quadrupole svstem.

Utilization of the deflector system incorporated into the
electron multiplier has increased the dynamic range capability of
the quadrupole analyzers. A dynamic range exceeding 106 has been
easily obtained for the Phase V instrumentation.

The studies conducted under this contract have provided increased
knowledge of the operation of the gquadrupole system. It thus appears
that further improvements may be made in the pe:formance of this
type of system.

The instruments which resulted from this developmental contract
have shown a capability for the application of measuring the con-
stituents of both planetary and the earth's atmospheres. One of these
instruments is already scheduled for NASA's Planetary Atmosphere
Experimental Test (PAET) flight. Another system (with some very
slight modifications) has already been built for NASA Langley
Research Center as a breadboard model for the Viking Martian Soil
Anzlysis experiment.

11
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STRUCTURAL ANALYSIS OF FLIGHT QUADRUPOLE
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APPENDIX A

Mechanical Development Contract #30001 !
16 May 1969 Project Note #1

STRUCTURAL ANALYSIS OF FLIGHT QUADRUPOLE MASS SPECTROMETER

1.0 OBJECTIVE:

The objective of this project note 1s to show the structural integrity
and the natural frequencies of the flight quadrupole mass spectrometer
design when subjected to the following environments:

1.1 Acceleration load of 150 g's.

1.2 Resonance of the spacecraft to be at approximately
400 cps with a possible amplification factor of 5.

2.0 SUMMARY OF RESULTS:

All areas analyzed have been found to meet or exceed the design objectives.

2.1 Natural frequency of the system along each of the three
axes, (Paragraph 3.1)

fn(X) = 3060 cps
fn(Y) = 1050 cps
fn(Z) = 1500 cps

2,2 Flexure rod assembly analysis for allowable stress levels -
(paragraph i3.2). !

2.3 Natural frequency of each hyperbolic rod (paragraph 3.3.2).
fn = 2430 cps
2.4 Rod deflection at 150 g loading (paragraph 3.2.3).
Y = 0.00046 in. .
2.5 Cinch strap analysis for allowable stress levels (paragraph 3.4).

3.0 ANALYSIS AND CALCULATIONS:

15
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1. score

1.1 This document specifies the exact procedures to be folloved in conducting the
acceptance tests for the Martisn Quadrupole, part number 341880, hereinafter
referred to as the unit under test (UUT),

1.2 The scceptance tests shall be conducted to messure and determine the fon source
and system sensitivities. Thr test parameters are specified at the applicuble points
in the following procedures.

2, APPLICABLE DOCUMENTS

2.1 The following documents, of exact issue shown, form a part of this procedure
to the extent specified harein. In the event of cornflict betveen this procedure
and documents referenced herein, this procedure shall govern.

MILITARY
MIL-C-45662A Cslibration Systems Requirements
NONMILITARY
SG 0091 General Specification for Malfunction Reporting,

Analysis and Corrective Actiom

MANUFACTURING DRAWINGS

A341918 Electron Multiplier Specification nl
2341880 Analyser Assesbly
E£341870 fon Source Assembly, Dusl Filament

3. TEST CONDITIONS AND EQUIPMENT
3.1  TEST CONDITIONS

3.1.1 All tests shall be conducted under ambient conditions unless othervise
specified herein.

3.2  TEST EQUIPMENT

3.2.1 The folloving items or their equivslert, sre required to conduct the tests
specified herein. All test equipment shall be calibrated per the sppropriate
cslibration procedure and the next cslibration due dste shall be shown on 8
calibration decal.

26581 a-s268 -

>k

8 I sy 2 0 26

=138
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E.G. Supply, Kepco ABC 425M

Spare Supply, Kepco ADC 425M

E.R. Supply, Kepco ABC 425M

7 .. Ref. Supply, Kepco ABC 425M

Eaiwvsion Req. Supply, Powar Designs 4005

Oscillator B+, Dressen Barnes S5-300F
wOscillator Tuba Filament S.rply, Dressen Barnes 5-300N
Zlectron Multiplier Supply, John Fluke &0BA

Multiplier lst AP Supply, Northeast Scientific RE3002
Multiplier 2nd AP Supply, 90 V Battery

4. TEST SEQUENCE AND SETUP

4.1  TEST SEQUENCE

4.1.1 EXAMINATION OF PRODUCT. Visuslly inapect the UUT for any physical discrep-
sacises or sbhnormalities.

4.1.2 CONFORMAXCE TO DRAWINGS. The UUT shall be fnepected for conformance to
applicable drovings. In the svent of discrepsncies or sbnormslities, the docr.te
refexrenced herein shall govern.

4.1.3 WUNCTIONMAL TESTS. Perform sll tests in the sequence specified to ensure
that the UUT conforme to the design specificstions: .

a. Deta Recording. All test results are to be recorded on the test deta
shests vhea specified by the test procedure.

b. Jsilurez. In the event of s UUT feilure st any point in the test
procedure, the test shall stop and the reason for the faijure shall be
determined, The failure shall be entered into the system log book and
the sppliceble failure reports shall be completed end given to the
cogniszsnt Quality Assurance Engineer. The UUT shall be kept in the
clean roowm eweiting disposition.

4.2 TEST SEIUP

4.2.1 The teets shall be conducted as shown in Figure 1, Tes: Setup.

S. TEST PROCIDURE

5.1 The felleving sre step-by-stey procedures for testing the WT.
s. ST

1. Ien Seurce Semeitivity. To measurs the fom source semeitivity the
fellowing etepe ohall de followed:
(a) Admic s nitrogen sample to the vecuum system wp to 3 ¢1 x 10”’
torr. Racerd sctusl precsure level en Test Data Sheet.

L]
Al 20501 A-242249

L
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(®)

(c)

()
(O
)

Scan the analyzer over the top of the m/e 28 peak using electron
fun number one, and record the current arriving at the first
dynode of the slectron multiplier (the first and second windows
ahall be at -45 Vdc) on Test Data Sheet, Record this scan on
an X-Y plotter. Stamp Teot Dats Sheet.

Admit & nitrogen sample to the vacuus system up to 2 +1 x 10'6
torr. “.cord actual pressure level on Test Data Sheet.

Repeat Step (b) sdove.
Repeat Steps (a) and (d) sbove using electror gun number tvo.

Compute the ion source sensitivity, for nitrogen for each
electron gun, by the following formula:

+

I

5(02 2107 torn) - 154(0 5 x 1077 torr)
Source Sensitivity =

6 7

P(€ 2 x 107" torr) - P(@ S x 10°' torr)

vhese:

I’ = the current measured st the first dynode of the
electron m.ltiplier.
P = actual pressura measured st the levels specified sbove.

The emiseion current is to be hald conrtant. Record cslculated
source sensitivity and emission current on Test Duta Sheet.

-~ 2. Peak Shaps snd System Sensitivity

(s)

®)

. N e

A

Using the t' > electrcn eultiplier windov dlssing potentials,
tune the m/e 28 peak shaps. Monitoring the electron multiplier
input current with -2000 Vdc applied to the second dynode and
with the first dynode at the electron accelerstor potential.
Scan and record the pesk on the X-Y piotter to anslyse the
peak shape. Stamp Test Dats Sheet.

Using the sensit.vity determined for slectron gun musder one,
measury the multipliér gain varevs voltage using & nitrugen
sample at 2 #1 x 1076 torr 1. the vacuwn system. Do thie for
msultiplier voltages from -1500 to -2500 Vdc ia 230 volt steps
on the sacond dyrode with the second vindov at 100 Ydc belov
the second dynode. Scan the w/e 28 pesk of sach step and
compute the gain from the pesk top. Reco.d celculated gain on
Test Data Sheet.

| o= | comt con m.

Al 2CTat A-342269
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X

>

(c)

(d)

Operating Parameters. Measure the potentisls of the following elec~
trodes with respect to ground at the levels specified in the above
sections. Racord all data on Test Dats Sheet.

(o)

By turning the electron multiplier voltages, set the total
analyzer sensitivity at between 5 x 10~2 and S x 10~
anperes/torr.

Using an air sample at 8 x 16-7 torr in the vacuum system, #cCan
iron below m/e 28 (v above w/e 32, cr conversely, and measure
the peak resolution (sxcluding tails). This resolution should
exceed m/m = 1/40 and is computed from

1
Al/l"-7-3

wijw

vhere
b = base vidth distance
S = separstion between the centers of the peaks.

Record actual resolution on Test Data Sheet.

Electron Gun #1 ACTUAL

(1)  rilasent Shield M1 —-{40. v
(2) Electron Focus fl-A ~—flZ2. v
(3) Electron Focus #1-B —(20. v
(4) Electron Accelerator 1 o- v
(5) Anode 12 _ Q. v
(6) Pilament #1 ~(306-_ Vv

A
702 -06-63
STAMP/DATE

20238 a-343260
ey S ot 1

68
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Yy

(b) Electron Gun #2 ACTUAL
(1)  Filament Shield #2 —{40 v
(?)  Flertron Focus #2-A =126. v
(3) Electron Focus #2-B —-i2&]. v
(4) Electron Accelerator #2 g- v
(5) Anode #2 _. 0. v
(&) Filament #2 - (30. v
€ 2n-tees
STAMP /DATE
(c) Ion Source ACTUAL
(1)  Repeller —20, v
(2)  Accelerstor ~3o. v
(3) TIon Focus A -103. v
» (4) lon Focus B ~73. v
' (5) Nozzle ~370. v
’ " L M2-16-¢3
STAMP /DATE
(d) Anslyzer ACTUAL
(1) Quad Bias -f&. vV
. (21669
: STAMY /DATE
(e) Electron Multiplier ACTUAL
(1) Window #1 Bias -528 . v
(2) WVindov #2 Mas —[542. v
;
|
; s | cong ooer w0,
; A 28:3 2-342269
-~ o i fmaer ¢ o1 e
a F~139
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Y
(¢) (Cont) ACTUAL
(3) Fire~ Dynode Biss (Positive) O- v
(4) Second Dynode Biss (Negative) ~le50. v
VY jaerg69
4. Measure the electron currents as follows:
ACTUAL
(8) With Electron Gun #] operating
(1)  Anode £1 (x84
(2)  Electror Accelerator #1 {ft/ﬂ“ A
(3) Electron Pocus #1-A Q- A
Y] Ziectron Yocus f1-B 2- A
(5) Electron Accelerator #2 L.
(6) Anode #2 i O- A
(7) Repeller Q. &
= 4
s (24C€-69
STAMP/DATE
(b)  With Electron Gun #2 operating ACTUAL i
(1) Anode #2 o ® o
{2) Eiectron Accelerstor #2 3'2)‘:’4" A
(3) Electron Pocus #2-A g. A
(4) Zlectron Focus #2-B Q- A
(3) Electrom Accelerastor Ql N Q. A
(6) Ancde N1 Q- A
(7) Repeller 8. a
22 peer
STAMP/DaTE
iR | COBE MENT ND.
A zcsa' A-342269
oms fomsy 7 of 16
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A A

[

Filament Characteristics. Measure the filan nt current and the voltage
across both filaments, with all the electron gun electrodes connected
to the repeller potential, and at s total emission coilected of 480"
microsmperes. FRecord actual current arnd voltage weasured on Test25D
Data Sheet. &a
Dyne=iz Pange. Meoazsurs the dyaizlc fawege fiovm highcsi pemr i luwesi

valley. Record dats on iest Data Sheet.

CODE WY MO,
20501 a-3i2269

>k

| ) ~ Jmerr 8of 16

[ Y r-13

n




P
v

. ;
o e e Poe e ol 4 | Y i'ti_i N

-

APPENDIX B

A 4
il ¥
SIXv 2 STive ¥.L073S -
m.t 9V v-di L] 8ld 8-31 mﬂ 3A+1Y93N z
5
nZdo9i40 2249024 82d e Lzd 3
-
AlddNS | £249 0€4 1249 61d 6249 L1Eds 924 |
8<¥ .M-
T390 (g )M A L oL AR &
% 00f | woof | w%o00f %00 %006 | %o00€ | %woof % o00f P
AT AR A A — A ety AN A <
¥ 00f NCOE NOOE XO00f  WO00f WOX  ¥O0f % O0f
u:.m_..a .
"z AddNs 64 [ A 1F]
114 O-—mt—o0 % 0z 7|* NVIS
AAA- Alddns (T AR TF]
v IRV 4 ¢
S NVIS| N Z ¥0LVINDIY -
¥ 02 Nolssiwg | Aot 14 o
PO o AXddns m S
3111304 VR Adant N3 A0S U3 ypn 2 €3
1175 LiX2e==—a o °
n'd m::m ts €34 m «
g-d1o———q oo .
gtd 624 8 a-2f 4:
¥-ilo—=—q_ o= 3t 00g % 00€
W—L OML L 1 .i—‘ &m
E:S:.:uzvm? $¥ 00¢ Aldéns ¥ 00€ :
w.:... fzd 93 1 v-24 3:
Sju&«vm
£) 1id 54 vels 42
u u82<?® p— :
:f\ﬂ:m e % 00¢ L U
7] mngv.@ Q__p#gx 007
P 7 00 1 43
AS 30010 ~
o~




S AR Ry T g - oy

¥

v

. 'Fﬁ;

APPENDIX B

REF. PARA. 5
a. STEP

1(a)

(b)

(c)

(d)

6.  DATA SHEET

SERIAL NUMBER Q0O 2

S B2

Record pressure lovel

Current at first dynode

Scan recorded on X-Y plotter

Record pressure level

Current at firet dynode

) -6
Nepzc: Anooe L (€ xcl ~Pmrs

e
7 12-(6-63
STAMP/DA1L

[2-06-c1
STAMP/DATE
2.8x00"%
ACTUAL

2-06GT
STAMP /DATE

< 121067
STAMP/DATE

~7
9,74x (0
ACTUAL

N

>
STAMP/DATE

S4x10 %
ACTUAL

e
N 1206 69

STAMP,/DATE
Scan recorded on X-Y plotter 2 (2-¢661
STAMP/DATE
ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE
OO DENT WD,
0se -
20551 A-342269

-
A
| = S|

_ Jemey 10 of 26
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APPENDIX B

6.  DATA SHEET (Cont)

SERIAL NUMBER O 2 (2-(6€9
STAMP /DATE

REP. PARA. 5

s. STEP Gou #(

-7
1(e) Record pressure level E& /0
ACTUAL

&y e2-669
STAMP /DATE

Current at first dynode 3. (x lf”A
ACTUAL

C

-/ (2-06<9

STAMP /DATE
Scan recorded on X-Y plotter " (2-06-69

STMQ;DATE

Record pressure level T F.bx/0 ~7 -
ACTUAL

S
"~ (2-t6-¢9 »
STAMP /DATE

~ -ﬂ
Current at first dynode scfk 0 A

(2-76-¢9
STAMP /DATE

Scan recorded on X-Y plotter 12-/6-GY

wnorg! A& Cnaw] 14X (0°6 R mpmy Py s;g@,:r}:«;rg 1a/5

(f) Calculated ion source sensitiviry g2 5.2%(9"4 /M
ACTUAL

Eaission current ) Ijl‘l-‘ A
ACTUAL

3 e

ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE

A| 20501 A-342269 '
| A Jmazy 12 of 16.
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6. DATA SEEET (Cont)

SERIAL NUMBER
REF. PARA. 5
a. STEP

2(a)

(b)

(d)

(a)

o2

e encd &“‘:ﬁm
pesk~shape gnalysets

Calculated gain from peak top

<> 12-06(9
STAMP /DATE

a ;z-/a-u
STAMP /DATE

(m/e 28)
7
-1,90 Vde [t 9I%(0
ACTUAL
=1750 vdce .9 X 3
ACTUAL
~2000 Vdc . f
ACTUAL
_2400 Vi< W— +
2250 Vdc £2x g’
. ACTUAL
mw/ (2x¢0?
—\AToVde ACTUAL
__12-16-¢9
STAMP/DATE
Peak resolution should exceed ,/2-7
mn/m = 1/40 ACTUAL
1 B
A m/me — =
2 s 2-06-69
STAMP /DATE
Electron potentials with respect to ground
Electron Gun #1 ACTUAL
(1) Filaxent Shield #1 —/%0. Vv
(2) Elect:-on Focus #1-A —-(22. V
(3) Elrctron Focus #1-B —(20. Vv
-\ (2-16-6Y
STAMP/DATE
ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE
NIt | OOOR IDENT NO.
' -
Al 20t A-342269

x

_ Joexr 12 of 16
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6.

DATA SHEET (Cont)

SERIAL NUMBER_ ) Q 2,

REF.

2 (20669
swfﬁ’nm

PARA. 5
a. STEP

3(a)  (Cont) . ACTUAL
(4) Electron Accelerator f1 o. Vv
(5)  Anode f1 Q. Vv
(6) Filament #1 -/30, V

| _c2-69

STAMY /DATE

(b) Electron Gun #2 ACTUAL
(1) Filament Shield #2 -/jg v
(2) Electron Focus #2-A —(26. v
(3) Electron Focus #z-B "'fli. v
(4) Electron Acceleraicr #2 a. v
(5)  Anode #2 v
(6) Filament #2 ~(lg. Vv

1
e

(c) Ion Source ACTUAL
(1)  Repeller "'2 . Vv
(2)  Accelerator . "10. v
(3) Ion Focus A ~r03. v

[ ez-m-49
ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE
K | ODO. WENT NO.
A| 20501 -

ey 33 of 16
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6, DATA SHEET (Cont)
SERIAL NUMBER__ (392
REF. PARA. 5
a. STEP
3(c) (Cont)
(4) lon Focus B

(5) Nozzle

(d) Analyser

(1) Quad Bias

(s) Electron Multiplier
(1) ¥indow #1 Bias
(2) Window #2 Bias
(3) First Dynode Bias (Positive)

(4) Second Dynode Biss (Negative)

4. Measure the electron currents as follows:
(s) With Electron Gun #1 operating

(1) Asods N1 '

(2) Rlectron Accelerstor 1

(3) ERlectron Yocus #1-A

l (2669
STAMP/DATE

ACTUAL

=27.. v
~370, V

L /2-16-69
STAMP /DATE

ACTUAL

ACTUAL
=528 v
g/ 1 2

o v

—(65D, ¥

_7_0_-_/6- (1]
STAMP /DATE

ACTUAL
-6
1§n12

45xc0"% A
0 A

2-16-69
STAP/OATE

ACCEPTANCE TEST PROCEDURE POI MARTIAN QUADRUPOLE

iV Sl

A-342268
Joosazy 24 of 26
F-13%
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6.  DATA SHEET (Cont)
SERIAL NUMBER__ O 02, [ / 12-0669
STAMP /DATE
REF, PARA. 35
a., STEP
4(s) (Cont) ACTUAL
(4) Electron Focus #1-B Q. A
(5) Electron Accelerator #2 O, A
(6) Anode #2 Q. A
(7)  Repaller d. a
[
_;_T_A_’ﬁk‘:’ r_-:{“‘,
(b) With Electron Gun #2 operating ACTUAL
(1) Anode #2 727 .
(2) Electron Accelerator #2 37x (Q"A
(3) Electron Focus #2-A o) A »
(4) Electron Focus #2-B 4,
(5) Electron Accelerator f1 O, A .
(6) Anode N Q. A
(7) Repeller O,
(2-(6-69
STAMP /DATE
S. 7ilament 1
Yoltage ' .40 v
ACTUAL
Curzrent . A
ACTUAL
ACCEPTANCE. TEST PROCEDURE FOR MARTIAM QUADRUPCLE
" e | coos et we.

A| 20501 sz
t-' | | um
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) 4
6. DATA SHEET (Concluded) C
SERAL NMBER_© O 2, 4 iz-(6-69
STAMP /DA™L
REF. PARA, 5
8. STEP
S. (Cont)
Filame~: #2
Voltage l:39 v
Current (87 A
Total emission collected (400 wA) 290.
_’__?rz-/o_-w
STW7DME
&
6. Dynamic range from highest pesk to 2 /6
lovest valley ACTUAL
. >
L5 110609
STAMP/DAlS
M 4

. Test Conducted lyM / —

Data Verified By

Concurrence By, 2l s e &7/ IA
. DCAS QAR

ACCEPIAMCE TEST PROCEDURE POR MARTIAN QUADRUPOLR

GER | CONE BOW N
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NASS-11185
UNIT SERIAL NO, OQQ(

Date £ - 24 ’“70__

Prepared A/ %ﬁq
N. Ter mos, Project Lniineer

Approved By i( éﬂm

bate_6= 4= 70

R. Hcalhow, Project Manager

Approved By ¢ = 72/3/‘/

J. Ply, Quality Assurance Engineering
. 1

rrensg &

Approved By

_Date_g 2676 __

vate (7 =26 - 70

y 7
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v

1. SCOPE

1.1  This document specifies the exact procedures to be followed in conducting the

acccptance tests for the Martian Quadrupole, part number 341880, hercinafter
tefcrred te ae the unit urder test (UUT),

1.2  The acceptance tests shall be conducted to measure and determine the fon source

and mystem scnsftivitics, The teot paramrters are specificd at the applicable points
in the following procedures,

2.  APPLICABLE DOCUMENTS

2.1 The following documents, of cxact issue shown, form a part of this procedure
to the extent specified herein., 1In the event of conflict between this procedure
and documents referanced hersin, this procedure shall govern.

MILITARY

MIL-C~45662A . Calibration System Requirements

NONMILITARY

$C 0091 General Specification for Mslfunction Reporting,

Analysis and Corrective Action
»
MANUFACTURING DRAWINGS

A341918 Eiectron Multiplier Specification
E341880 Analyzer Assembly
2341870

Ion Source Assembly, Dual Filament
3. TEST CONDITIONS AND EQUIPMENT

3.1 TEST CONDITIONS

3.1.1  All tests shall be conducted under amhient conditions uniess othervwise
specified herein.

3.2  TEST EQUIPMENT
3.2.1 The following items or their equivalent, sre required to conduct the tests

specified herzin. Al} test equipment shall be calibrated per the appropriate

celibration procedurs and the next calibration due date shall be shown on a
calibration decal.

26501 A-342269
| Joeey 201 13
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E.C. Supply, Kepco ABRC 425M

Spare Supply, Kepco ANC 425M

E.R. Supply, Kepco ARC 425M

T.1. Ref. Supply, Kepco ABC 425M
Fmisston Req. Supply, Power Denfgna 4009
Qascillstor ¥+, Dreaser tarnea 5-300F .
wOscillaitor .uba Filament Supply, Dressen Barnes 5-300F
Electre.: Multiplier Supplv, John Fiake 4ORA

Multipliier let AP Supply, Northeast Scientific REIQ02
Multiplier 2nd AP Supply, 90 V Battery

4. TES[ SEQUENCE AND SETUT

4.1  TEST SEQUENCE

4,2.1 EXAMINATION OF PRODUCT. Visually inspect the UUT for any physical discrep-
ancies 27 abnoimalities. .
4.1.2 CONFORMANCE TO DRAWINGS. The UUT shall dbe inspected for conformance to

applicable dravings. In the-évent of discrepancies or abnormalities, the docutents
referenced herein shall govern.

4.1.3 FUNCTIONAL TESTS. Perform all tests in the sequence specified to ensure
that the UUT conforms to the design specificatiocas:

a. Data Recording. All test results are to be recorded on the test data
sheets vhen specified by the test procedure.

b. Fajlures. In the event of a UUT failure st any point in the test
pracedure  the test shall atop and th. reason for the faflure shall be
determined, The failure shall be entered into the system log book and
the applicable failure reports shall be completed snd given to the
cognizant Quality Aasurance Fngineer. The UUT shall be kept in the
clean room swaiting disposition.

4.2  TEST SETUP

4.2.1 The teats shall be conducted ss shown in Figure 1, Test Setup.
S.  TEST PROCEDURE

5.1 The following are step-by-step procedures for testing the UUT.
a. STEP

1. Ton Source Sensitivity. To wmessure ths fon source sensitivity the
folloving steps shall be followed:

(a) Admit s nitrogen sample to the vacuum aystem up to 5 41 x 10‘7
torr. Record actual pressure level on Test Dats Sheet.

Al 26501 A-342269
Jeeu l ""“‘ 3 of 13
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()

(®)
(e)
(f)

Scan the analyzer cver the top of the m/e 28 peak ueing clectron
gun number one, and record the current arriving at the first
dynode of the electron multiplicr (the first and sccond windowns
shell be at -45 Vde) on Tcest Date Sheet., Record this acan on

an X-Y plotter. Stamp Test Data Sheet.

Adait & nitrogen sample to the vacuum system up to 2 +1 x 10.6
torr. Record actual pressure level on Test Data Sheet,

Repeat Step (b) above.
Repeat Stcps (a) and (d) above using electron gun number two.

Compute the {fon scurce sensitivity, for nitrogen for each
electrou gun, by the following formula:

x}a(ez x 10°¢ torr) - ln(e s x 1077 torr)
Source Sensitivity - "3 o S
P(€ 2 x 10 ~ torr) - P(@ 5 x 10”7 torr)

where:

I;. = the current messured st the fiYst dynode of the
electron muitiplier.

P = actual pressure measured st the levels specified above.

The emissiuvn current is to be held constant. Record calculated
source sensitivity and emission current on Test Dats Sheet.

2. Pask Shape and System Sensitivity

(s)

®)

Using the two electron multiplier window bilasing potentisls,
tune the m/e 28 peak shaspe. Monitoring the elactron multiplier
input current with -2000 vdc applied to the second dynode and
with the first dynode at the electron sccelerator potentisl.
Scan and record the peak on the X~Y plotter to analyze the
peak shape. Stamp Test Dats Sheet.

Using the sensitivity determined for electron gun nusber one,
wmeasure the -ultipllor gain versus voltage using a nitrogen
sample at 2 #]1 x 10°6 torr in the vacuus system. Do thie for
multiplier voltages from -1500 to -2500 Vde in 230 volt steps
on the second dynode with the second vindov at 100 Vdc below
the second dynode. Scan the m/¢ 28 peak of each otep and
compute the gain from the peak top. Record calculated geain on
Test Dats Sheet.

A| 26501 A-342269
I Joseer 4 or 1y
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(c) By turning the clectron sultiplier voltages, sct the total
analyzer sennf{tivity at between 5 x 1072 and 5 x 107}
amperce/torr.

(d)  Using en afr aample at 8 x 10°7 torr 1n the vacuum system, mean
from belov m/c¢ 28 to above m/c 32, of cunveiscly, and meanute

the peak rcsolution (excluding tails). This remolution should
exceed m/o = 1/40 and fs computed from

where
3 » base width distance
$ = geparation between the centcrs of the -peaks.
Record f;tuai resolution on Test Dsta Sheet.
Operating Parameters. Measure the potentials of the follwing elec-
trodes with respect to ground at the levels specified in the sbove

sections. Record all data on Test Data Sheet.

(s) [Electron Cun {1 ACTUAL
(1)  Filament Shield N’ o =4S

———

(2)  Electron Focus f1-A 318 v
(3) Electron Focus 11-3 —-l%g-s v
(4) Electvon Accelerator #1 G”D __Q__v
(5) Anode 11 Q v
() Tilament N1 , 2Ny

STAMP /DA

. b

26581 A-342269
| n___ )

TD!

iy

a r=15>
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(¢) 1lon Soufce

(1) Repeller
(2) Accelerstor
(3) 1on Tocus A
(4) Iom Focus B
(5) Nozsle

()  Ansiyier
(1)  Qusd Bles

(s) Electvon Multiplier

(¢ 3]
(2)

Window #1 Blee
Windov #2 Bias

oy —

, (b)  Electron Gun #2 ACTUAL

' (1) Filament Shield #2 _((_l&?___
(2) Electron Focus #2-A - ’;0"(1_\;
(3)  Electron Focus #2-B —126.8 v
(4) Elactron Accelerator #2 Q v
(5) Anode N2 Q v
(6) Tilament #2 —136:3 v

%ﬁ;{%‘géa

ACTUAL

Cd BENT MO,

Al 265081

A-)2269

I R

BT e

ot £ B

shlys

LR

90

a

T sy R ki e B

r=14%

v o Ay SRk

e

R h
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4.

(o)

(Cont)
(3) Fiist Dyunde Bias (Ponftive)

(4) Second Dynode Bine (Negative)

Measure the rlectron currents as followe:

(a)

(»)

With Electron Gun f1 operating
1) Anode 11

(2) Electron Accelerstor f1
(3) Electron Focus #1-A

(8) llecf;on Focus f#1-B

(5) [Electron Accelerator #2
(6) Anode #2

(7) Repeller

With 2lectron Cun #2 operating
(1)  Anode 12

(2) Xlectron Accelerator #2

(3) Rlectrcn Focus $2-A

(4) Electron Yocus #2-B

(S) Elestron Accelerator 1

(6) Anocde 11

(7) Repeller

ACTUAL
bwp. _O v
- 200C y

_Yth
Zat:%Z’/STAHP/DLIL
ACTUAL

|§41A 1$x10-5,
4y 4’-&2;‘

O
0
. o A
O
__Whsfro
?4/‘- STAMP/DATE
ACTUAL

g
o .
C
O .
O
% YAt
STAW/DATE

COOE NIHT 0.

20501

>k

A-302269

W
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5.

Filament Characteristics. Mcasure the filament current and the voltage
acroas both filamcnts, with all the electron gun electiodes connected
to the repeller potential, and at @ total eminsion collected of 750
microampercs. Record actunl current and voltage measured on Test

Data Shect.

Dynamic Range. FHewsurs the dvnamic range from highest peak to lowest
valley, Recora data on Test Dais Shact, Vary rhe eieciren et eindior
voltage, anode “urrent no higher than 30 +2 microamps and pressure

no higher than 2 +1 x 10-6 torr as requircd for maximum dynamic range
or over 10%.
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6.  DATA SHELT

SERIAL NMBER__ 0 00 ( éZYﬁO
STM“';DA' L
) !:,,F,', FACA. S GUN M}
a.  STEP o -
-7
3{c)} Rernrd pressure level 48 Xio 't“\'\.
ALTUAL
F- “Yosro
STAMP/DATL
o .
(b) Current at first dynode & 216 3 A
ACTUAL

?&/ (ﬂ‘ 'F"I? 0
. +* STAMP /DATE

Scan recorded on X-Y plotter &:ﬂl\-’ 1 bgg}'ﬁ)
STAMP /DATE
(c) Record pressure level - 1.1 Emeu(i;‘m
. A

» % ‘{“‘-ua
STAVF JDATE

-3
(d) Current at first dynode q‘g |
ACTUAL

av “/L%(-w

Y STR®/DATE

¢ !
Scan recorded on X~Y plotter SCM e ___“.‘[1![10

STAMP/DATE

ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE

\hde: fuwds it = \SMA

2L | OODE RINY N,

L] 26501 A-342269

g
Jooms 1 Joer 1000 13 i
a F<1 H
< %
&

LREE m

& Bamn o

s e N O A R A B PO e ] it T b stk PR
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6. DATA SHLLT (Cont)

| SERIAL NBBER__ 000/ ﬁ_Aﬂl/ w
. G TN
REF. PARA. 5 Gy g2

a. STEP S

1(e} Record pressure level 4'?%[0-71;1'\,

ACTUAL

.12, 725170
STAMP /DATE

-t
Current at first dyncde q‘OE(O 3 A
ACTUAL

i lrfia
K STAMP /DATE

Scan recorded on X-Y plotter Sm #3 qLX/‘m

STAMP /DATE

Record pressure level g Z'ﬁX(O'é m

ACTUAL

» ‘ “ha o

STAYP/DATE [

A
Current at first dynode \‘Oiggg A

P seerdiiho
Scan rzcorded on X-Y plotter &Wy\ ﬂr‘f “(18,7

STAIP/DATE

(f) Calculated fon source sensitivity fn i.ﬂ “ﬂ /
ACTUAL

72 L.oyy(o~ tW/I;.,L

CTUAL
”t Emiesion current (Anoac, A EIO"' A

\W’M \&"1 : %}W‘gfﬁo

ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE

OZX | CODE DTHT e,

A 20301 A-342269
1l feesr 13 0r 1)

a

¥F=1i>

P R e

R
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6, DATA SHLET (Cont)

SERIAL NUMBLR feloldi
!

REF. PARA. § Sca‘.\_,(/laﬁ«x.u& ?ﬂ—

ﬁz?ﬁo
STAMP /DALY,

L « STEP .
a ) e _A~74/7 -
2(a) Peak scammcd—UN X-Y plotter or measurcd A{_ (o]
on Kefthley. 9»5,2_ STAME /uAdL
. h)  Calculated gain from peak too
W (/e 28) ' Yoo Fo0Mes
— s -1500 Vdc 1.08 x (0~ & fps 96 Y (O'/
ACTUAL -
1150 -1750 vdc 43y (078 Awps 238 X! S
- * ACTUAL
- 2050 -2000 Vde . 165 geo? fres §.s6yrw?!
¢ ACTUAL ‘
—2306 -2250 Vde 4-4.¥10°7 Pwps 243 y(0
ACTUAL
L
—2500 -2500 Vde ].0 Klo"' PAups g—-iiwﬂo
. " 93/
210
ST?/DAT
)
(d) Peak resolution should exceed 42-5
n/m = 1/40 gCA }J (D ACTUAL
1 B
4 m/me= j5 s
S. *itament 1
Voltage (M Fmb% . 360 v
) ACTUAL
Current. _[-_3_0_;
ACTUAL
ACCEPTANCE TEST PROCEDURE FOR MARTIAN QUADRUPOLE
2L §} OOJL WDENT NO.
A 265 A-342269
| Jowery 12 or 13
& ¥F=1ly
96

L e
e s

2T e

qiw MQH%E‘ “uiﬁ e U B

k
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6. DATA SILET (Concluded)

SERIAL NUWMBER__ A70( _ %Z’Z()

STAMI'/DATL
REF. PARA. 5
a.  STEP ) T S meee _
S. (Cont)
Filament #2 (6«1»«1 imiame 0»14&1)
Voltage 3 &)O v
Current .32 4
Total emigzsion collected (250 uA) 250 uA
K a TAMP /DATE 6
6. Dynamic range from highest peak to W“'{ww\ 0
lowest valley SCAV 8 j ACTUAL
1) Ube  +4db.o . E’A}F/Taéré{/?
(TR, - 33.0
Quao Bins
(s 23

| .
D .Test Conducted By ﬁ Z{ﬁ&éjg—\\mz 6-28-20

2) TesT, Wirwesseo gy,

Data Verified By%i_&%_ I/ﬂ‘f”/éSFC. %/70
Redoeoen

3) Concurrence By

DCAS QAR

ACCEPTANCE TLST PROCEDURE FOR MARTIAN Q.IMDRU?OLE

. -
OO0 XINT 160,

Al 206501 A-242269

ous | Jware 13011y

a

=133

st -

=

S s g o
g ~ .
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